In this research the technical designing of energy efficient heating system with vertical-borehole heat pumps for institutional buildings was performed. The local government would like to change the old gas boiler-based heat producing system to up-to-date, environmental friendly equipment with the financial support of the European Union. The payback time was calculated and environmental calculations were achieved with carbon dioxide saving by various conditions that were also achieved during the research project. The results show that the heat pump system also provides a significant reduction of environmental load, in addition to significant energy savings. The amount of calculated savings justifies the environmental friendliness of heat pump systems.
Introduction
Buildings are responsible for about 40 % of the total energy consumption in most EU countries. Similarly to other developing counties in Hungary, more than 60 % of the existing buildings are older than 40 years. A rapid and substantial energy retrofit process is required for these existing and old buildings [1] [2] [3] . The EU Directive 2010/31/EU requires buildings, or parts of buildings, to meet a minimum energy performance or be subject to a retrofit or refurbishment [4] [5] [6] . These requirements may be met by renovating a building's envelope and HVAC systems [7] [8] [9] [10] [11] . The stability of indoor air parameters is also a very important factor, essential for such institutions, schools, hospitals and also museums. Nowadays the use of renewable energy for space heating became one of the top priorities in modern building design [12] [13] [14] [15] [16] [17] [18] .
In Hungary, the geological possibilities provide excellent grounds for using geothermal building engineering systems. Regrettably, however, even the environmentally aware people tend to forget this. One of these possibilities is the heat pump. Despite its broad applicability and practically infinite process medium (primary side), its application is not sufficiently widespread in the Hungarian building engineering field, even though it allows for the generation of the desired thermal conditions of comfort zones with low operation cost-whether it is used for heating or refrigeration. It can also be used for the preparation of domestic hot water, and thus, it is an excellent method for disadvantaged municipalities (for example) to provide low-cost and environment-friendly heating and air conditioning for the buildings they operate.
The purpose of the research is to determine the optimum operating condition for a vertical-borehole system, which can be used to create appropriate comfort parameters for people who are particularly sensitive to the conditions (children).
The specific topic of the research work is the supply of the heating system for the kindergarten, elementary school and day-care buildings in Tiszagyenda with a vertical-borehole system installed in the soil. The aim is to prepare these buildings to meet the needs of students and workers spending their days there in a modern manner with low operating costs and high comfort levels as opposed to the boiler-based heating currently in use. The town wishes to apply for EU funds to finance the utilization of the potential offered by the good geothermal characteristics of the area. To reduce the costs, the heating systems currently in use should be modified as minimally as possible while the expectation is to have them operate as efficiently and with as low operating costs as possible. Chief engineer Zoltán Fodor and at Geowatt Ltd. and Peter Orban MSc. student [19] have been a huge help in the realization of the project with their expert advice which contributed to the success of this research study.
2 Thermo processing sizing of the building The aim of the task is to ensure optimal comfort parameters in the three buildings (Table 1 ) of the kindergarten (address: Tiszagyenda, Ady Endre street 6., H-5233, Hungary), elementary school, and day-care in the city of Tiszagyenda by using a vertical-borehole heat pump system. It is also a goal to keep the current high-temperature-level system.
The operation of each institution is intermittent, scheduled for up to 12 hours a day, so they do not require 24-hour heating. Based on the input data provided, the buildings (with the exception of the gym) were built in the 1970s, and their structure was probably constructed using bricks or loam. The building of the gym was constructed in 2010 from funds the town applied for. The building of the day-care is heated with gas convectors, the building of the junior class uses cast-iron radiators while slimline radiators are used for the senior class and the gym; using one gas boiler heat core per building. The junior class and the gym are on the same circuit whose hydraulic control is currently not available; the former implementation was unprofessional. The owner requested not to replace the heat emitters if possible. Therefore, the radiators remain the same in case of the junior class and the senior class. Due to the currently known state of the gym in the service rooms, it is necessary to replace the current heat emitters with larger ones, and fan coils should be used in the arena due to the interior height. Of course, the gas convector system will be removed from the day-care, and slimline radiators will be installed instead.
It is also important to note that the buildings will be updated in terms of energetics, the wall and slab structures will be insulated in accordance with the Hungarian building energy standard (Decree No. 7/2006) in line with the cost-optimized requirements and the doors and windows will be replaced as well. Except for the gym which is the most modern of the buildings; since it was built from funds the town applied for, it is currently in the sustained stage, and the law does not allow it to be modified.
Based on the data provided by the municipality, the heat demand of each building was calculated with the following result ( Table 2) .
The thermo processing sizing-to facilitate a smooth design process-was performed with the extremely userfriendly WinWatt program widely used in the industry; it performs the energetics sizing in accordance with the current version of the Hungarian building energy standard (Decree No. 7/2006) [20] and the thermo processing sizing in accordance with Standard MSZ 04-140/2-1991 [21] .
3 Development of the engineering system 3.1 Heat pump selection In general, the following parameters were taken into account for selecting the heat pump equipment:
• Calculated power demands, • Temperature levels to be used, • Direct and indirect functions to be performed (heating, refrigeration, DHW production), • Heat pump controllability, system integration.
Based on these, the heat pumps for each building can be selected. As the current heat emitters remain largely unchanged, a 60/53 °C temperature difference had to be taken into account for energetical modernization sizing.
Based on the data obtained during the sizing, the following heat pumps were selected for the energy supply of the individual buildings (Table 3) . The main parameters of the Vaporline GBI-HW (developed and manufactured in Hungary) heat pumps are as follows according to the manufacturer:
• EVI cycle compression, • Equipped with EEV valve and refrigerant tank, • A weather-based digital control equipment provides the most efficient operation, the monitoring and protection functions, • The maximum available heating delivery temperature is 63 °C, • Wide heating power range, • Can be used in low-and high-temperature heating systems as well, • It is also suitable for the production of domestic hot water, equipped with desuperheater, • Especially silent operation.
The main technical parameters and data of the heat pumps ( Fig. 1 ) supplied by the manufacturer are shown in Table 4 .
Taking into account the technical data summarized in the tables, the total volumetric flow rate demand of the planned system on the evaporator side of the heat pumps: 354 l/min.
Probe system sizing
Probe system sizing was performed with the design software of GLD Design. When the input parameters are entered, the required probe length can be easily determined, and the long-term thermal effect analysis can be easily performed with the help of the program.
In case of the senior class / gym circuit and based on the entered parameters, ten probes each with a depth of 100 m are required for the chosen heat pump to function adequately. In this case, the Seasonal Coefficient of Performance (SCOP) assumes a value of 4.4, while the temperature of the probe does not drop below an average of 5 °C. The thermal analysis shows that the soil will cool to 14.2 °C in 25 years in the vicinity of the probe assuming there is no heat input during summer. (Since the system will only have heating functionality, but no refrigeration functionality.) In 25 years later, the thermal performance will decrease, but not so much that would influence the heating capacity of the conditioned spaces.
In case of the junior class / day-care circuit, the calculated number of probes is nine, and the probe depth is 100 meters. In this case the SCOP value is 4.4. The temperature of the probe does not drop below an average of 5.5 °C, and the soil is expected to cool down to 14.6 °C in 25 years. The results obtained during the sizing of the probe system are summarized in Table 5 .
Hydraulic dimensioning of the engineering system
The hydraulic dimensioning of the system was also performed using WinWatt. With the exception of the day-care, the network will not be modified significantly. Equipping Fig. 1 Vaporline type heat pump equipment [22] the radiators with thermostatic valves and return union nuts is part of the investment. Another change is that the radiators are replaced by fan coils in the gym.
In case of the junior class/day-care circuit, three Danfoss ASV-I adjusting valves will be installed. In case of the daycare, an entirely new radiator system will be installed.
Choosing an appropriate circulation pump is essential for the operation of the system. Separate circulation pumps were chosen for each circuit. In case of the senior class and the gym the design resistance is: 60 kPa, the required mass flow rate to be transported is 12.2 m 3 /h. Thus, the design resistance corresponds to the value of a water column of 6 m, so a pump with at least the same delivery head should be selected. The Grundfos MAGNA1 40-100F pump was chosen using the sizing software of Grundfos water pump selection tool. The chosen pump in case of the junior class and the day-care: Grundfos MAGNA1 40-80F. The chosen pumps are suitable for maintaining the pressure levels of the networks and can be connected to a building management system, and thus, they are suitable for programming modern pressure control methods. For operational safety reasons, two pumps are installed in parallel, and only one will be operational at any given time. The other is expected to ensure continuous operation during maintenance and in case of failures.
A circulation pump has to be installed on the ground side as well. Based on the available volumetric flow rate data and the delivery heads, the technical parameters of the pumps selected using the Grundfos sizing program are shown in Table 6 .
CR type vertical-axis pumps are capable of operating with a wide-temperature-range medium. They are used in water supply and industrial areas, including high-pressure or -temperature and even aggressive, hazardous media. According to today's requirements, the controller can change operating parameters of the pump according to the system demands. Two pumps will be installed in parallel in each circuit. Only one will be operational at any given time; the other is expected to ensure continuous operation during maintenance and in case of failures.
The sected standard buffer tank sizes selected based on the determination of the buffer capacity (Table 7) are shown in Table 8 .
However, during the planning work, it was found that because of lack of space it is not possible to install two separate buffer tanks as later domestic hot water supply is a required option, too, the installation of the hot water tank also has a need for installation space but the dimensions of the heating center to be installed are limited and the available financial background is also narrower. For this reason, the two heat pumps supply a common storage tank with a volume of 1500 liters, which is the smallest standard size available, but which satisfies the energy needs.
A new thermal center building is being set up for the heat pumps near the day-care center building. The heat pump equipment of each building are installed there. The main cables to each building shall enter through the existing heating rooms as far as possible.
Examining return and profitability rates
The costs of the engineering project with the heat pump system based on the development plans can be seen in Table 9 .
The costs shown in Table 9 also include the costs of commissioning in addition to the thermal center equipment and materials.
According to the local government's data supply [19] , the current system's natural gas consumption [Nm 3 ] and electricity consumption [kWh] are known. Data can be used directly for cost estimation, but the amount of natural gas will be needed later, in kWh units, too, so it is worth calculating with Eq. (1):
where E ext is the extracted heat in kWh, H is the caloric value in kWh/Nm 3 . For natural gas, the calorific value is 9.44 kWh/Nm 3 . By rearranging Eq. (1), natural gas consumption can be calculated by Eq. (2): 
(2) Based on the available consumption data, the evaluation of the energy consumption of the current system was determined, the results are shown in Table 10 .
The municipality currently receives natural gas at a price of 0.4 €/Nm 3 and electricity at 0.126 €/kWh. The primary energy costs determined on the basis of data provided during the collection of data are shown in Table 11 .
In case of the planned heat pump system, the use of natural gas for heating purposes would cease completely. For the heat pump systems, the city would receive electricity at a price of 0.08 €/kWh. (Prices are preliminary prices for the time being.) The electric energy consumption produced from fossil fuels required for the operation of heat pumps and the costs are shown in Table 12 .
Based on the current consumption as outlined in Table 10 and the planned consumption in Table 12 , the annual energy savings can be determined using Eq. (3). The annual cost of energy saved (taking into account that natural gas-fired heating is fully replaced) can be determined by Eq. (4).
The results for the annual cost of energy saved can be seen on Fig. 2 .
Taking into account the investment cost described in point 1, the return period can be determined using Eq. (5). . years .
As you can see, this is not necessarily a fast-return investment. The return period calculated corresponds to the expected value of similar investments, calculating only the investment cost and the energy savings.
The return is considerably reduced if we consider that the current system should be replaced in any case, due to obsolescence, operational safety problems, and component service problems. It is therefore appropriate to compare how much the return would be by comparing the cost of installing a modern condensing boiler system and the planned heat pump system.
Examining environmental indicators
Besides saving energy, the investment has significant environmental impacts, too. This can be most clearly illustrated by the carbon dioxide and other combustion product components (nitrogen oxides, carbon monoxide) emitted by unused fuel.
The calculation theory used in research is based on the amount of energy needed to meet the needs, originating from burning fuels (natural gas, fossil fuels). In the case of carbon dioxide, the energy consumption modified by the efficiency of the burning devices determines the amount of energy consumed if the calorific value of the fuel is known. 
For natural gas, the caloric value is 9.44 kWh/Nm 3 , and the density is 1.9768 kg/m 3 . The burning of each 10 m 3 of natural gas produces 11.13 m 3 of carbon dioxide. The quotient is therefore used to determine the amount of carbon dioxide generated from combusted natural gas.
Equation (7) is used for nitrogen oxides and carbon monoxide production:
For nitrogen oxides, the permissible value is 200•10 -9 t/kWh and for carbon monoxide this is 100•10 -9 t/kWh. Table 11 shows that the amount of energy consumed is 285 711 kWh. For the current existing and operating system, the cumulative emissions are shown in Table 13 .
In the case of heat pump systems, the equations for NO x and CO may be used in the same way. For the determination of CO 2 emissions, the following equation shall apply according to the current regulations applied for tenders:
The electrical energy [kWh] required (Table 14) for the operation of the heat pump system can be determined by Eq. (9):
The amount of carbon dioxide produced by the electric power consumption of the current gas boiler and the planned heat pump system is summarized in Fig. 3 .
Conclusion
The system in its current form will only be built for heating. Later on, if there is a need for this, and there will be financial resources for the local government, it may be worth thinking about producing domestic hot water (partly) with the heat pump, along with heating. The solution for this is the application of the desuperheater. The planned heat pumps have the necessary equipment to regain the extra heat of overheating. This heat quantity is perfectly suited for the production of domestic hot water. The disadvantage is that the current water supply network would require significant transformation, the cost of which cannot be neglected either.
The application of the system for cooling would not be appropriate under these conditions. Passive cooling must be discarded due to high summer heat gains and the large size of the buildings, and most of the heat generators are not suitable for cooling purposes, either. This factor also prevents active cooling. It would also be very costly to put it into operation (replacement of heat exchangers and the construction of a new pipeline network), for which the municipality has no financial sources of its own, and EU funds are not, in principle, available for such purposes. The increased energy output from cooling could of course be utilized either for the production of domestic hot water, but it would probably require substantial reconstruction, with relatively low returns and additional investment growth.
In addition to reducing the energy consumption to be achieved by the planned engineering system, the use of solar cells would be an additional economic investment for the development of the system, which could generate electricity and achieve additional energy consumption reduction. 
